Background: This study determined the metabolic equivalents (METs) of several activities typically performed by Chinese youth. Methods: Thirty youth (12 years) performed 7 activities that reflected their daily activities while Energy Expenditure (EE) was measured in a metabolic chamber. Results: METs were calculated as activity EE divided by participant's measured resting metabolic rate. A MET value ranging from 0.8 to 1.2 was obtained for sleeping, watching TV, playing computer games, reading and doing homework. Performing radio gymnastics had a MET value of 2.9. Jumping rope at low effort required 3.1 METs. Except for watching TV, METs for other activities in this study were lower than Youth Compendium values. Conclusions: The results provide empirical evidence for more accurately assessing EE of activities commonly performed by Chinese youth. This is the first study to determine METs for radio gymnastics and jump rope in Chinese youth.
During the past 3 decades, Chinese youth have experienced a dramatic rise in obesity, increasing from 0.1% in 1985 to 5.0% in 2010. 1 Although obesity is caused by many factors, physical inactivity has been identified as one of the major contributors. To promote physical activity (PA) participation, the World Health Organization recommended that children and adolescents aged 5 to 17 years should accumulate at least 60 minutes of moderate-to-vigorous physical activity (MVPA) daily. 2 However, most Chinese youth do not meet these PA recommendations, and obesity rates in China have continued to increase. 3 Therefore, it is of vital importance to promote MVPA participation among Chinese youth for optimal health benefits.
Youth in China are under great pressure to achieve scholastically and often have to spend much of their time doing homework. In addition, due to many factors (eg, lack of time, space, resources, poor air quality, etc.), common leisure activities for Chinese youth are sedentary (eg, reading, watching TV, and playing computer games). The primary source of PA for Chinese youth is schoolrelated activities (ie, before/during/after school activities provided by a school using school facilities); participation in MVPA outside of school is almost nonexistent. 4 In China, every school day, students are required to participate in a 5-minute school-wide radio gymnastics program during morning recess time. Radio gymnastics, first launched nationally in 1951, are considered mandatory PA in schools. Radio gymnastics are a predetermined routine of calisthenics that are done to music, with the idea that students will participate in physical activity using a systematic and standardized routine, in an effort to build group cohesion, and enhance energy levels and fitness. 5 This preprogrammed style makes it easy for classroom teachers to deliver the activity, and it provides a mandatory activity break for students and teachers. Research on school-based radio gymnastics has mainly focused on historical development, policy-related implementation strategies, and program design. 6 Little is known about its energy cost, which makes it difficult to devise evidence-based strategies for implementing these exercise programs.
Another school-based activity, in which many Chinese students participate, is an afterschool program that combines free play and exercises. The majority of Chinese youth (87.4%) participate in jump rope as part of an afterschool program at least once a week. 7 To ensure that Chinese students achieve satisfactory fitness levels, the Chinese Department of Education 8 has established national standards for many exercises, including standards for jump rope for 6th graders/12 years of age. Unfortunately, the energy expenditure (EE) of jump roping in Chinese youth is unknown. Although metabolic equivalents (METs) of jump rope are available from the Compendium of Energy Expenditures for Youth, 9 the Youth Compendium uses data collected from individuals in western countries, and there are demonstrated differences in metabolic rates based on racial/ethnic background. 10 Specifically, when young white men and women were compared with their Asian counterparts, absolute resting energy expenditure (REE) was lower in Asians than in whites, an effect that was mitigated when REE was corrected for fat-free mass. 10 Therefore, using METs from the Youth Compendium to assess EE for Chinese youth may result in substantial errors.
Given the need to establish appropriate MET values for a variety of activities in which Chinese youth participate, an effort has been recently started by a research team in a top sport university in China to develop a Chinese-specific Youth Compendium. This study was one of the first to determine EE and METs of several sedentary and physical activities typically performed by 12-yearold Chinese youth. 
Methods

Participants
Thirty Chinese youth (18 boys and 12 girls; 12 years of age) were recruited. This age group was selected because it is representative of the elementary to middle school transitional age group, for which there is a dearth of research in PA energy expenditure in Chinese populations. In addition, PA participation declines dramatically at this age, so it is important to accurately quantify PA that does exist because such information can be valuable for intervention programs intended to improve PA participation and health outcomes among this age group of students in China. To be included in this study, participants had to be healthy, willing to stay in a metabolic chamber for 16 hours, and able to perform the examined activities with no limitations. The study was approved by the Ethics Advisory Committee of the Shanghai University of Sport, China. The participant assented to participate and his/her parents/legal guardians signed an informed consent before data collection.
Measurements
The participants' height (in cm) and weight (in kg) were measured twice with clothes/without shoes using an automatic height and body composition Analyzer (Tanita, DC-250). When 2 measurements did not agree, then 2 additional measures were taken until there was an agreement. EE was measured using open-circuit indirect room calorimetry. The metabolic chamber (Fuji Human Calorimeter model: FHC-20S) was an airtight room (24000 L) equipped with a bed, desk, chair, telephone, toilet, and sink. The temperature and relative humidity in the room were controlled at 25°C and 55%, respectively. The oxygen and carbon dioxide concentrations of the air supply and exhaust were measured using mass spectrometry. The gas analyzer was calibrated using 4 certified gas mixtures. The flow rate exhausted from the chamber was measured using a Yamatake-CMS0200 (Phoenix, AZ). Minute-by-minute oxygen consumption and carbon dioxide production were collected and converted to energy equivalents using Weir's equation. 11 Table 1 contains a summary of the 18 hours of activities. Participants had several options for diet for breakfast and for dinner, respectively, with the nutritional composition being similar (ie, approximately 18% fat, 15% protein, and 67% carbohydrates) in each meal.
Procedures
To measure resting metabolic rate (RMR; 4 hours after dinner) and basal metabolic rate (BMR; after 8 hours sleep), participants were instructed to lie in bed in the supine position. EE was then measured for 40 minutes with the subject quiet, but awake. The first 10 and last 5 minutes of measurements were eliminated. RMR and BMR were obtained for 25 minutes, respectively.
Several activities, similar to typical daily activities performed by Chinese youth (ie, doing homework, reading, watching TV, playing computer games, performing radio gymnastics, and jump roping) were selected for this study. EE during homework, reading, playing computer games, and watching TV was measured twice, once in the morning and once in the evening, for 30 minutes per session. TV programs and computer games were self-selected by the participant. Data from the first 9 minutes and last minute of each sedentary activity were eliminated. EE during radio gymnastics was measured for 9 minutes. Data from the first 2 minutes and the last minute were eliminated. EE during jumping rope was measured continuously for 8 minutes with 45 to 50 turns per minute (Note: 45 to 50 turns per minute was the national standard established for 12 year old Chinese students jumping rope). 8 Only data that accumulated 45 to 50 turns per minute were included for data analysis.
Data Analysis
MET values were calculated as activity EE divided by each participant's measured RMR. Descriptive statistics were calculated for all variables. One sample t-tests were conducted using SPSS 22 to determine whether significant differences existed between the METs obtained in this study and those listed on the Youth Compendium. Table 2 presents sample characteristics. Table 3 
Results
METs obtained from the current study were slightly lower than the Youth Compendium METs for sleeping (P < .005), doing homework (P < .005), and reading (P < .01); but large MET differences were observed for playing computer games (P < .005) and jumping rope (P < .005). Performing radio gymnastics had a MET value classified as light intensity.
Discussion
In this study, METs for sleeping, homework, reading, TV, computer games in Chinese youth were around 1. Performing radio gymnastics was considered a light intensity PA, and jumping rope at low effort required 3 METs. Although there was no difference in METs for watching TV, METs for other activities were lower than the METs from the Youth Compendium.
METs from the Youth Compendium may slightly overestimate EE for several sedentary activities, but could considerably overestimate EE for jumping rope in Chinese youth. The MET value of playing computer games in this study was much lower than the Compendium value. This study allowed participants to play computer games of their choice, so it is possible that participants chose a game with which they were familiar-which meant they could play it more efficiently, expending less energy.
Radio gymnastics is a unique, mandated morning exercise routine in almost every elementary/secondary school across China, and its EE/METs have never been reported. In this study, the MET value of performing radio gymnastics falls into the light intensity PA category. Given that millions of Chinese youth perform radio gymnastics every school day for at least 5 minutes, MET information obtained in this study may have an impact on predicting PA levels in Chinese children. One of the major intents of mandating radio gymnastics in school in China is to promote PA and fitness, 5 however, the effects of radio gymnastics have not yet been fully evaluated. For optimal health outcomes, performing this light intensity exercise 5 minutes per school day is likely not enough. Therefore, conducting preliminary examinations of the impact of these 5-minute segments is important to determine whether longer, higher intensity, or more frequent radio gymnastics segments are desired to enhance health or fitness benefits.
Jump rope is popular and China has national standards to assess student jump rope performance (eg, 6th graders, 12 years old, need to perform 45 to 50 turns per minute to receive a passing score). 8 Interestingly, it is not clear how the standards were established. In our study, although we asked participants to perform 45 to 50 turns per minute for 8 minutes continuously, none of them could do this because they did not have skills to perform jump rope continuously. In fact, all the participants could only accumulate 45 to 60 turns per minute for 3 to 4 minutes-with many stops. However, even with stops and participants rating their effort as light, the METs of jump rope still reached moderate intensity level. Although this value is much lower than the Youth Compendium jump rope MET value (6.2), it should be noted that the MET value for jump rope with light effort was estimated and not measured in the Youth Compendium. 9 How the effort was defined (ie, number of turns per minute) and/or race/ethnicity difference may account for the large difference between the MET value observed in this study and the value listed in the Youth Compendium. Given that jump rope is a school-based activity in which students engage on a regular basis, this finding has potential to increase the use of data to make future recommendations for promoting PA in China.
In conclusion, although the lack of diversity in terms of race/ ethnicity, age range and activities examined, along with the relatively small sample size may limit its generalizability, this study provides empirical evidence for more accurately assessing EE of activities typically performed by 12-year-old Chinese youth. This study is also the first to determine MET values for radio gymnastics and jump rope, which provide not only a more solid foundation for developing future policies to promote school based physical activities, but also practical validation linking EE to jump rope national performance standards for sixth graders in China. 8 Further research is needed to determine the METs of Chinese youth in different age ranges for a variety of activities using large samples. 
